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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
Can you record movies/images using your own microscope camera? (Y/N) Y
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.6, 2.7, 3.2, 3.3
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
No critical steps.
[bookmark: Introduction]E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this procedure is to fabricate a fiber-reinforced composite (kom-paws-it /kəmˈpɒs ɪt/) with bare fibers exposed on the surface without any surface treatment. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Dongyoung Lee: This technique can expose bare fibers on composite surfaces without the use of expensive and inefficient surface treatments.
1.2. Jun Woo Lim: The main advantage of this technique is that it improves the electrical conductivity and mechanical strength of the composite. The technique also has high productivity.


[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Composite Material and Soft Layer Preparation
2.1. To prepare unidirectional carbon fiber fabric pre-impregnated with epoxy, stack squares of prepreg (pre-preg) [1-MED] with a fiber volume fraction of 50 to 60% in a sequence including 0° and 90° orientations to avoid splitting of the laminate (lam-ih-nit /ˈlæm ɪ nɪt/). [2-CU-TXT]
2.1.1. Talent cuts squares of prepreg.
2.1.2. Talent stacks the prepreg in the stacking sequence. (TEXT: [03/903]s)
2.2. To prepare each square of prepreg plain-weave carbon fiber fabric, first cleanse the fabric with acetone or ethanol. [1-MED-TXT] Place the fabric on a clean surface or on a lint-free laboratory wipe [2-MED] and allow the acetone to evaporate under ambient conditions. [3-CU]
2.2.1. Talent rinses the fabric with ethanol. (TEXT: Commercial plain-weave prepreg may be used instead.)
2.2.2. Talent places the fabric on a lint-free wipe.
2.2.3. The fabric drying on the lint-free wipe.
2.3. Peel off one backing of a sheet of film-type epoxy resin with a curing temperature of 125 °C. [1-MED-Over shoulder] Apply a single sheet of epoxy resin film to the clean carbon fabric. [2-CU]
2.3.1. Talent cuts a sheet of epoxy resin and peels off the backing.
2.3.2. Talent applies the epoxy resin to the fabric.
2.4. Place the fabric epoxy-side-down on a hot plate at 70 °C. Heat the fabric for 10 seconds to pre-impregnate the fabric with epoxy. [1-CU] Allow the prepreg fabric to cool under ambient conditions for 10 minutes. [2-MED]
2.4.1. Talent places the fabric on the hot plate with the epoxy-coated side facing the hot plate and lets it heat under the mass that is applied on top of the fabric.
2.4.2. Talent removes the fabric from the hot plate and places it aside to cool.
2.5. Then, remove the remaining backing sheet from the epoxy-coated side. [1-MED] Stack the plain-weave prepreg fabric in the desired stacking sequence to form the plain-weave carbon fiber fabric laminate. [2-CU-TXT]
2.5.1. Talent peels off the backing sheet from the epoxy side of the fabric.
2.5.2. Talent stacks prepreg fabric squares in the sequence. (TEXT: [0]3)
2.6. To prepare non-woven carbon fiber felt laminate, apply triple layered epoxy sheet [1-MED] to each side of a piece of clean, dry carbon felt. [2-MED-Over shoulder]
2.6.1. Talent applies a triple layered epoxy sheet of epoxy to the felt, removes the backing film, and applies a second sheet of epoxy to that side.
2.6.2. With the triple layered epoxy sheet three plies of epoxy already applied to one side of the fabric, talent applies another triple layered epoxy sheet of epoxy to the other side of the fabric.
2.7. Heat the epoxy-coated sides of the felt at 70 °C for 10 seconds each with mass applied on the top. [1-CU] Allow the prepreg felt to cool for 10 minutes, and then peel off the remaining backing sheets. [2-MED]
2.7.1. The epoxy-coated felt finishes heating on one side, at which point the talent flips over the felt to heat the other epoxy-coated side.
2.7.2. Talent peels off the backing sheets from the cooled laminate.
2.8. Next, wash sheets of 25-µm-thick non-perforated fluorinated ethylene propylene (eth-uh-leen pro-pih-leen /ˈɛθ ə li:n ˈproʊ pəˌli:n/) release film with ethanol or acetone. [1-MED] Carefully dry the FEP (F-E-P) sheets with lint-free wipes without causing wrinkles or pinholes. [2-MED-Over shoulder]
2.8.1. Talent rinses an FEP sheet with ethanol or acetone.
2.8.2. Talent dries an FEP sheet with a lint-free wipe.
2.9. Ensure that the sheets are free of contaminants and particulate matter. [1-CU] Then, place each clean, dry sheet between lint-free wipes and store the sheets in a dust-free, clean plastic case. [2-MED]
2.9.1. The clean, dry FEP sheet surface that is free of contaminants and dust.
2.9.2. Talent places the clean, dry sheet between lint-free wipes and then places it in the case.
3. Composite Fabrication
3.1. To begin the composite fabrication, apply silicone mold release to the compression mold. Wipe the mold with lint-free wipes [1-MED-Over shoulder] to leave only a thin layer of mold release. [2-CU]
3.1.1. Talent applies the mold release and then wipes the mold with lint-free wipes.
3.1.2. The mold with only a thin layer of mold release on it.
3.2. Then, trim a piece of prepared carbon fiber laminate to be slightly smaller than the mold cavity. [1-MED] Place a sheet of 25-µm-thick clean FEP film on the lower mold. [2-MED]
3.2.1. Talent cuts the laminate to 118 mm x 118 mm.
3.2.2. Talent places FEP film on the lower mold.
3.3. Place the laminate on the mold and [1-CU] cover it with 25- or 100-µm-thick FEP film, depending on the fiber type. [2-MED-TXT]
3.3.1. Talent places the laminate on the FEP-covered lower mold.
3.3.2. Talent places another FEP film on top of the laminate. (TEXT: Use 100-µm-thick FEP film for woven fabric composites.)
3.4. Carefully smooth out the film so that no air bubbles remain between the soft layer and the laminate. [1-CU] Then, close the compression mold. [2-MED]
3.4.1. Talent gently smooths the FEP film to exclude air bubbles.
3.4.2. Talent closes the mold.
3.5. [bookmark: _Hlk484522182]Heat a hot press to 150 °C and place the compression mold in the press. [1-MED] For a unidirectional fiber composite, constantly apply 20 MPa (megapascals (pah-skalls /pɑˈskɑls/)) for 30 minutes. [2-MED-Over shoulder]
3.5.1. Talent checks the hot press temperature, and then loads the compression mold into the press.
3.5.2. Talent sets the hot press to apply 20 MPa and sets a 30-minute timer or checks a nearby clock.
3.6. For a woven composite, apply 20 MPa for 4 minutes, release the pressure, and immediately reapply 20 MPa. [1-MED]
3.6.1. With 20 MPa being applied, talent releases the pressure to 0 and then reapplies the pressure.
3.7. Purge the material in this way until the viscosity (vih-skoss-ih-tee /vɪˈskɒs ɪ ti:/) of the resin begins increasing. [1-MED-Over shoulder] Then, hold the pressure at 20 MPa until the composite has cured for 30 minutes in total. [2-CU]
3.7.1. [bookmark: _GoBack]Talent monitors the temperature and checks a pre-made graph or table of a temperature-viscosity relationship.
3.7.2. The hot press readings as it is held at a constant pressure. 
3.8. For a felt composite, slowly increase the pressure to 3 MPa, being careful not to overshoot. [1-MED-Over shoulder] Cure the material at 3 MPa for 30 minutes. [2-CU]
3.8.1. Talent starts to increase the pressure and monitors the pressure reading as it slowly increases.
3.8.2. The pressure reading reaches 3 MPa and holds at that pressure.
3.9. Once the sample is cured, without releasing the pressure, cool the compression mold to below 120 °C. [1-MED-Over shoulder-TXT] Then, release the pressure, remove the mold, [2-MED] and de-mold the fabricated specimen. [3-CU]
3.9.1. Talent starts to cool the compression mold. (TEXT: Cool to < 120 °C (Tg) before releasing pressure.)
3.9.2. With the temperature below 120 °C, talent releases the pressure.
3.9.3. Talent removes the specimen from the compression mold.
4. Results: Soft-Layer Method Composites
4.1. Scanning electron microscopy (my-cross-kuh-pee /maɪˈkrɒs kə pi:/) images acquired at a 5° tilt showed that fibers were visible in greater detail in composites fabricated with the soft-layer method than with conventional compression molding. [1-LM] This was attributed to the elimination of the resin-rich layer on top of the composite. Despite the elimination of the epoxy resin layer, the fibers did not show visible defects. [2-LM]
4.1.1. Figure 1 (Figure 1.pdf): Label the left column of images ‘Conventional Compression Molding’ and the right column of images ‘Soft-Layer Method’. During “fibers were…soft-layer method”, highlight the right column of images. During “than with…compression molding”, highlight the left column of images.
4.1.2. Figure 1 (Figure 1.pdf), labeled as above: Emphasize the right column of images.
4.2. The through-thickness electrical conductivity was greater in composites fabricated with the soft-layer method, with a corresponding decrease in area-specific resistance to below 20 mΩ/cm2 (milliohms (/oʊms/) per square centimeter) at a compaction pressure of 1.38 MPa. [1-LM]
4.2.1. Figure 2A (Figure 2.pdf, top image): On “a corresponding decrease…”, highlight the horizontal line at ‘20’ on the graph.
4.3. The measured tensile strengths of soft-layer composites were comparable to those fabricated by the conventional compression method. The woven fabric and felt composites showed increases of 22% and 15%, respectively. These increases were attributed to the soft layer applying a uniform pressure across the composite surface. [1-LM]
4.3.1. Figure 2B (Figure 2.pdf, bottom image): On “The woven…”, highlight the middle and right data sets.
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Dongyoung Lee: By following this procedure, you will be able to fabricate a fiber-exposed composite without difficulty. The mechanism is simple, and with a good understanding of your material, the implementation is even simpler.
5.2. Jun Woo Lim: While attempting this procedure, remember to fine-tune it to fit your specific application. Consider the curing condition of the composite and the thermal properties of the soft layer and adjust the procedure accordingly to obtain the desired results.

[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .pptx or .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17023623

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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